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(54) Method of improving user access performance by adjusting power of user probe signal 



(57) A method for adjusting the power of a probe 
signal to be transmitted by user equipment to system 
equipment of a wireless communication system. The 
power of the probe signal is adjusted based on informa- 
tion received by the user equipment from the system 
equipment. The information is a local mean of RSSI at 
the system equipment. The adjusted probe signal is 
transmitted and thus has an increased likelihood of 
being detected by the system equipment. Also, the 
power available for transmitting the probe signal is used 
more efficiently when the probe signal is adjusted in 
accordance with the local mean information received by 
the user equipment from system equipment of the wire- 
less communication system. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention is generally related to 
a method of improving a user's ability to gain access to 
a communication system and in particular to a method 
of adjusting the power of a user equipment probing sig- 
nal to increase the likelihood of detection by the commu- 
nication system equipment. 

Description of the Related Art 

[0002] Communication systems, and in particular, 
wireless communication systems comprise a plurality of 
communication channels through which subscribers of 
such systems communicate with each other and with 
the system. A portion of a typical wireless communica- 
tion system is shown in FIG. 1. The wireless communi- 
cation system of FIG. 1 depicts a cellular system 
comprising cells (e.g., 102, 104, 106, 108) whereby 
each cell is a symbolic representation of the physical 
terrain or geographical region covered by communica- 
tion network equipment commonly known as cell sites 
or base stations (e.g., 1 10, 1 12, 1 14). Each base station 
has system equipment comprising radio equipment 
(i.e., transmitter, receiver, modulator, demodulator) that 
are used to transmit and/or receive communication sig- 
nals between a base station and a user equipment. The 
system equipment can also be located at places other 
than base stations. The term "user" hereinafter is used 
interchangeably with the term "subscriber" to indicate 
an entity (i.e., person, facility or a combination thereof) 
who is allowed access (when possible) to the communi- 
cation system. Access to the communication system is 
the ability of a subscriber to make use of the resources 
(e.g., system equipment, communication channels) of 
the communication system. The user equipment (e.g., 
140 in cell 104) is typically a cellular phone or any other 
communication equipment that is used by a subscriber 
of a communication system. For example, the user 
equipment can be a wireless portable computer or a 
pager. The system equipment further comprises 
processing equipment for retrieving information being 
carried by the communication signals and for imple- 
menting procedures based on communication proto- 
cols. A communication protocol is a set of procedures or 
processes that dictate how communications between 
users of the communication system is to be initiated, 
maintained and terminated. The communication proto- 
col also dictates the communications between a user 
and system equipment. Communication protocols are 
part of well known and established standards that are 
followed by operators of communication systems. 
[0003] Still referring to FIG. 1, each user communi- 
cates with a base station via a wireless communication 
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link. For example in cell 104, user 140 communicates 
with base station 114 via communication link 156. Typi- 
cally, each wireless communication link comprises sev- 
eral communication channels. For example, for a Code 

5 Division Multiple Access (CDMA) wireless system, the 
communication link comprises an Access channel, a 
Paging channel and a Traffic channel. The Access 
channel is a channel through which user equipment 
transmits protocol information to a base station. The 

10 protocol information is information used by the system 
equipment operate and/or control the communication 
system. For example, a user requesting access to the 
communication system is allowed to use the communi- 
cation system after various protocol information have 

15 been exchanged between the base station and the user 
equipment. In allowing the user to have access to the 
communication system, the system equipment identi- 
fies the user as a subscriber of the system, finds 
resources (e.g., communication channels, base station 

20 equipment) that can be made available to the user and 
allows the user to use (transmit/receive information) 
such resources in accordance with the protocol being 
followed by the communication system. The Paging 
channel is a channel through which system equipment 

25 (e-9.. base station) broadcasts protocol information to 
users of the communication system. The traffic channel 
is the channel used by the users to communicate with 
each other or with the system. The information con- 
veyed through the traffic channel is, for example, voice, 

30 data, video, facsimile information or any other informa- 
tion typically conveyed by users of communication sys- 
tems. The traffic channel consists of two channels: the 
first channel is called the reverse link through which 
users transmit information which information is received 

35 by the base station (or other system equipment); the 
second channel is called the forward link through which 
the base station (or other system equipment) transmits 
information to a user. Each user has a forward link and 
a reverse link assigned by the communication system. 

40 In addition to the other channels discussed above, 
some CDMA systems also have a pilot channel that is 
used to assist a user to obtain access to the communi- 
cation system. 

[0004] The pilot channel is a channel through which 
45 the system equipment broadcasts, on a continuous 
basis, a pilot signal that covers a certain area (e.g., cell 
area) of the communication system. The pilot signal 
serves as a sort of beacon signal that assists users to 
obtain access to the communication system. The pilot 
so signal is also one of several signals used by users to 
synchronize their timing to the timing of the communica- 
tion system. 

[0005] A user initiates a request for access to the 
communication system by transmitting a protocol signal 
55 called a probe signal. The probe signal has two por- 
tions: the first portion is called the preamble which is 
typically a repetitive signal (i.e., a string of "0" bits or a 
string of "1" bits); the second portion is a message por- 
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tion containing protocol information. The preamble is 
the portion of the probe that allows the base station (or 
other system equipment) to detect the probe. The probe 
signal once detected by the system equipment initiates 
a certain procedure (in accordance with a protocol 
being followed by the communication system) to provide 
access to the user that transmitted the probe signal. 
Prior to initiating the procedure, the system equipment 
transmits an "acknowledge" (ACK) message to the user 
equipment indicating to the user equipment that the 
probe signal has been detected. Once the user equip- 
ment receives the ACK message it no longer transmits 
the probe signal and proceeds as per the protocol to 
obtain access to the communication system. 
[0006] In many cases the probe signal is not 
detected by the system equipment. In such cases, the 
user equipment transmits the probe signal repeatedly 
until it receives the ACK message. For each repeated 
transmission of the probe signal, the power of the probe 
signal is increased by a system defined amount herein- 
after referred to as "A." A graph of the power of the 
probe signal versus time is shown in FIG. 2. Each probe 
is transmitted after a certain time interval 

where t is a system defined time interval and 

is a time interval of random length for the f h probe sig- 
nal. Thus, according to the graph of FIG. 2, the first 
probe has a power of P 1( the second probe has a power 
of P2, the third probe has a power of P 3 and so on. In 
general, the probe power can be expressed by the fol- 
lowing equation: 

(1) P, = P 0 + Ai where the f h probe has power P,- and 
the initial probe power is P 0 . Pq is a system defined 
value that represents the initial probe power after having 
been modified based on the measured power of the 
pilot signal. 

[0007] The base stations are designed to simulta- 
neously receive signals from a plurality of users. For 
example, base station 114 in cell 104 not only receives 
the probe signal from user 136, but also receives other 
signals from the other users (e.g., user 146, user 144, 
user 140, user 138) in cell 104. From the point of view of 
user 136, the signals from the other users adversely 
affect base station 1 14's ability to detect a probe signal 
from user 136. The signals from other users- from the 
point of view of user 136 — are interference that interfere 
with the detection of a probe signal from user 136. Also, 
although base station 1 14 is designed to receive signals 
from users located in cell 104 (and other users who are 
subscribers to the communication system), it also 
receives signals from other sources which are not sub- 



scribers of the communication system. The signals from 
these other sources are also interference; that is inter- 
ference is any signal that is not from a subscriber of the 
system, but which is nonetheless received and detected 

5 by system equipment. The system equipment at base 
station 114 also generates what is commonly called 
thermal noise, which is a type of noise signal generated 
at base station 1 1 4; the thermal noise is created from 
electrical circuitry and other types of circuitry located at 

10 the base station. The total power (from the various sig- 
nals) received by base station 1 14 (as well as any other 
base station) due to user signals, interference and ther- 
mal noise is called the received signal strength indicator 
(RSSI). Therefore, the RSSI comprises two compo- 

15 nents, viz., interference and received user signals. 
[0008] In general, there are three main factors 
which adversely affect the base station's (e.g., base sta- 
tion 114) ability to detect a probe signal from a user 
such as user 136. The probe signal experiences what is 

20 commonly known as mean path loss which is signal 
attenuation due to the physical distance between a user 
and the base station receiving equipment; that is, the 
longer the distance, the higher the path loss experi- 
enced by the probe signal. 

25 [0009] The second factor is a phenomenon called 
"fading." The term fading generally relates to adverse 
effects on the probe signal (and other signals received 
by the base station) due to obstacles (buildings, towers 
and other tall structures) located between a user and 

30 the base station. A probe signal experiences different 
types of fading depending on the particular physical 
demographics of the terrain covered by a communica- 
tion system. One type of fading is commonly known as 
"Raleigh fading" and another type of fading is called 

35 "Log Normal fading" or shadowing. The fading phenom- 
enon is manifested as amplitude (or power) variations in 
signals received by base station equipment. Fading is 
often graphically depicted as signal amplitude (or 
power) vs. time as shown in FIGS. 3 and 4. FIG. 3 

40 depicts a typical Raleigh fading curve; FIG. 4 depicts a 
typical Log Normal fading curve. Generally, as can be 
clearly discerned from FIGS. 3 and 4, the variations in a 
signal's amplitude (or power) due to Raleigh fading 
occur more frequently than variations due to Log Nor- 

45 mal fading. 

[0010] The third factor is a random variation in RSSI 
at the base station. This random variation is directly 
related to the random nature of subscribers gaining 
access or terminating usage of the communication sys- 

50 tern. The RSSI varies with time based on the number of 
users making use of the system at any particular time 
and reflects the fading characteristics being experi- 
enced by a particular base station. As discussed earlier 
the different types of fading can be expressed in terms 

55 of power received by a base station. When the fading is 
graphically depicted as power vs. time and thus the var- 
iations include the components of the RSSI, FIGS. 3 
and 4 become FIGS. 5 and 6 respectively. Therefore, 
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FIGS. 5 and 6 depict not only variations due to fading 
but also variations due to changing RSSI at a base sta- 
tion. 

[0011] As discussed earlier, the power transmitted 
by a probe signal is increased by a specific amount (see 5 
equation (1)) until the probe signal is detected by the 
base station. Whenever, a user equipment has to keep 
increasing its probe signal power level, the likelihood of 
the probe signal interfering with neighboring base sta- 
tions increases. For example, referring to FIG. 1, in cell 
1 04 user 1 36 because of its proximity to cell 1 02 may be 
transmitting a probe signal (to base station 114) that 
interferes with base station 110. Because of the varia- 
tions in RSSI as shown in FIGS. 5 and 6, the power level 
of the probe signal must be adjusted accordingly to 
increase the likelihood that the probe signal is detected 
by the base station. For example, the A amount of power 
added to the probe signal may not be enough for the 
base station equipment to detect the probe signal. In 
such a case the probe signal is unable to compensate 
for the increase in RSSI experienced by the base sta- 
tion. As a result, a number of probe signals have to be 
transmitted before detection, if ever, by the base station 
114 occurs. In such a case, not only does such a probe 
signal is increasingly likely to interfere with a neighbor- 
ing base station, but the user equipment has to wait for 
a relatively long period of time before it gains access to 
the communication system. 

[0012] The variations in RSSI may be such that the 
A power amount added to the probe signal may be 
unnecessarily high. In such a case an over adjustment 
is made to the probe signal and thus the user equipment 
is using its available transmission power inefficiently. 
The probe signal, in such circumstances need relatively 
slight adjustments for detection by the base station 
equipment. 

[0013] What is therefore needed is a method of 
adjusting the power of a probe signal such that the like- 
lihood of such a probe signal being detected by system 
equipment is increased. What is also needed is a 
method that adjusts the power of a probe signal in an 
efficient manner. 

Summary of the Invention 

[0014] The present invention provides a method for 
adjusting a probe signal to be transmitted by user equip- 
ment of a communication system so as to increase the 
likelihood that the probe signal is detected by system 
equipment of the communication system. The adjust- 
ment made to the probe signal is based on information 
about characteristics of signals received by the system 
equipment which information is transmitted to the user 
equipment from the system equipment. 
[0015] In particular, the method of the present 
invention comprises the steps of receiving information 
about adjustments to be made to a probe signal that is 
to be transmitted. The adjustments are made to the 



probe signal based on the received information. The 
adjusted probe signal is then transmitted to the system 
equipment thus having an increased likelihood of being 
detected by the system equipment and the power avail- 
able for the probe signal is used in a more efficient man- 
ner. 

[0016] In a preferred embodiment of the method of 
the present invention, the information represents a local 
mean of RSSI at the system equipment. The local mean 
is used by user equipment (e.g., cell phone) to adjust 
(increase or decrease) the probe signal's power level so 
as to substantially increase the likelihood that the probe 
signal will be detected by the system equipment (e.g., 
base station equipment) and also enables the user 
equipment to use the power available for the probe sig- 
nal more efficiently. 

Brief Description of the Drawings 

[0017] 

FIG. 1 depicts a typical topology of part of a cellular 
communication system; 

FIG. 2 is graph of probe signal power level versus 
time; 

FIG. 3 is a graph of amplitude or power of signals 
with Raleigh fading characteristics received at a 
base station; 

FIG. 4 is a graph of amplitude or power of signals 

having experienced Log Normal fading; 

FIG. 5 is graph of RSSI having experienced Raleigh 

fading; 

FIG. 6 is a graph of RSSI having experienced Log 
Normal fading; 

FIG. 5A is FIG. 5 with the local mean of the RSSI 
shown; 

FIG. 6A is FIG. 6 with the local mean of the RSSI 
shown; 

FIG. 7 is the method of the present invention for the 
user equipment; 

FIG. 8 is the method of the present invention for 
system equipment. 

Detailed Description 

[0018] The present invention provides a method for 
adjusting a probe signal to be transmitted by user equip- 
ment so as to increase the likelihood that such probe 
signal is detected by system equipment of a communi- 
cation system. The user equipment adjusts the probe 
signal based on information received from the system 
equipment. In a preferred embodiment, the information 
represents a local mean of RSSI at the system equip- 
ment and thus probe signal's power is adjusted accord- 
ingly. As a result, the likelihood of the probe signal 
interfering with other system equipment is decreased 
and the power available for the probe signal is used in a 
more efficient manner. 
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[0019] Referring to FIG. 7, there is shown the 
method of the present invention for user equipment. For 
the sake of simplicity and for ease of discussion, the 
method of the present invention is described in terms of 
a wireless cellular CDMA communication system that 5 
complies with the well known IS-95 standard. It will be 
understood however that the method of the present 
invention is applicable to other types of wireless com- 
munication systems. Again referring to FIG. 1, user 
equipment 136 of cell 104 having base station 114 will 10 
be used to describe the method of the present invention 
for user equipment. Referring back to FIG. 7, in step 
700, user equipment 136 is activated (i.e., cell phone is 
switched on). In step 702, the pilot signal being trans- 
mitted by base station 114 is detected by user equip- 15 
ment 136. User equipment 136 not only detects the pilot 
signal, but synchronizes its circuitry to the pilot signal. 
[0020] In step 704, an initial power of probe signal is 
calculated by the user equipment. The initial power 
value is based on a communication system defined 20 
value (or a value established by operator) and the mean 
input signal power of a received signal (i.e., average of 
total power of received signal). The received signal 
includes a pilot signal from a base station of the cell 
within which the user equipment is located. The 25 
received signal may also include received pilot signal 
from a base station of a neighboring cell. The power 
level of the received signal is measured by the user 
equipment and the initial value of the power of the probe 
signal is altered based on the measured power level of 30 
the received signal. For example, if the power level of 
the received signal is lower than a system defined 
threshold, it is an indication that the communication link 
(i.e., link 150) is adversely affecting the received signal. 
The power of the probe signal is increased accordingly 35 
to compensate for the adverse effects. The adverse 
effects are typically mean path loss and channel fading. 
[0021] The addition of A may overcome the mean 
path loss and the fading effects but it is difficult, if not 
impossible, to overcome the variations in RSSI due to 40 
users gaining access or terminating usage of the com- 
munication system. Base station 1 14 is able to measure 
its RSSI at particular instances of time. More impor- 
tantly, base station 1 14, as dictated by the method of the 
present invention, calculates a local mean of the RSSI. 45 
The local mean is a statistical averaging or probabilistic 
averaging or arithmetic averaging of a certain number of 
RSSI values. FIGS. 5A and 6A show the graph of the 
local mean for a Raleigh fading RSSI and a Log Normal 
fading RSSI respectively. Base station 114 broadcasts so 
the local mean as a portion of protocol information 
which is received by user equipment 136. User equip- 
ment 1 36 retrieves that portion of the protocol informa- 
tion for the adjustment of the probe signal. 
[0022] Referring again to FIG. 7, in step 706, user 55 
equipment 136 adjusts the power of the probe signal 
based on the portion of the latest protocol information 
(i.e., local mean of RSSI) received from base station 



114. In step 708, user equipment 136 transmits the 
adjusted probe signal over the appropriate channel. In 
step 710, user equipment waits for the ACK message 
from base station equipment 114. In accordance with 
the IS-95 standard, user equipment 114 waits for a sys- 
tem defined amount of time for the ACK message. If an 
ACK message is detected, base station 114 has 
received and detected the probe signal and therefore, 
user equipment 1 14 can continue to communicate with 
base station 1 14 to obtain access to the communication 
system. 

[0023] If an ACK message is not detected within the 
defined amount of time, the method of the present 
invention moves to step 712 where a A is added to the 
probe power. The method of the present invention then 
moves to step 706 where user equipment 114 waits for 
the next broadcast of the RSSI local mean to further 
adjust the probe power. Thus, the probe signal is 
adjusted based on the latest received information and is 
then transmitted. Firmware or software of the user 
equipment can be modified to implement the method of 
the present invention. The method of the present inven- 
tion can also be implemented with well known digital 
and analog hardware that is part of the user equipment. 
[0024] Referring now to FIG. 8 which shows the 
method of the present invention for system equipment 
(e.g., base station equipment). In step 800, the system 
equipment measure the RSSI at specific instances of 
time. The system equipment calculate a local mean of 
the RSSI as discussed previously. The local mean infor- 
mation is inserted in the Access Parameter message 
that is to be broadcast over the Paging channel as per 
the IS-95 standard. In another embodiment of the 
method of the present invention, the local mean infor- 
mation is formatted as a separate message called a 
short message. The short message is a message dis- 
tinct from the Access Parameter message and the Sys- 
tem Parameter message. The short message, although 
not currently part of the IS-95 standard, represents 
another technique for conveying information about 
adjustments to be made to the probe signal. 
[0025] In step 802, the system equipment broad- 
cast a pilot signal. The system equipment also broad- 
cast protocol information over the various protocol 
messages, including the Access Parameter message 
containing the local mean information, and the System 
Parameter message. In a CDMA communication sys- 
tem that complies with the IS-95 standard, the System 
Parameter Message and the Access Parameter Mes- 
sage broadcast by the system equipment are used by 
the user to obtain access to the communication system. 
In another embodiment, the short message is transmit- 
ted between transmissions of Access Parameter mes- 
sages. The local mean information or other adjustment 
information is stored in the short message. It should be 
noted that the information broadcast by the system 
equipment need not be limited to the local mean of the 
RSSI. Other characteristics (e.g., signal amplitude, sig- 
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nal phase response, signal frequency content) of the 
signals received by the system equipment can be 
broadcast by the system equipment for use by user 
equipment to adjust the probe signal so as to increase 
the likelihood of the probe signal being detected by the 5 
system equipment. In general, the system equipment 
broadcast adjustment information used by the user 
equipment to adjust at least one characteristic of the 
probe signal. It should also be noted that the method of 
the present invention for system equipment can be 10 
implemented through software modification of the sys- 
tem equipment or through hardware modifications or 
firmware modifications. After each broadcast of the 
adjustment information (e.g., local mean), the system 
equipment wait for a system defined period of time 15 
before another measurement and broadcast are per- 
formed. 

Claims 

20 

1. A method for adjusting a probe signal to be trans- 
mitted by a user equipment of a communication 
system, the method CHARACTERIZED BY THE 
STEPS OF: 

25 

receiving information from system equipment 
of the communication system; and 
adjusting the probe signal based on the 
received information. 

30 

2. The method of claim 1 where receiving information 
from system equipment comprises: 

receiving protocol information from the system 
equipment; 35 
retrieving a portion of the received protocol 
information for adjustments to the probe signal. 

3. The method of claim 1 where adjusting the probe 
signal further comprises transmitting the adjusted 40 
probe signal to the system equipment. 

4. A method for adjusting a probe signal to be 
received by system equipment, the method com- 
prising: 45 

broadcasting information used to adjust the 
probe signal. 



inserting the calculated local mean into infor- 
mation to be broadcast. 

7. The method of claim 6 where the communication 
system is a CDMA system that complies with the 
IS-95 standard and the local mean information is 
placed in an Access Parameter Frame. 

8. The method of claim 6 where the local mean is 
placed in a short frame. 

9. A method for adjusting a characteristic of a probe 
signal transmitted by user equipment of a commu- 
nication system, the method CHARACTERIZED 
BY THE STEPS OF: 

receiving information about the characteristic 
of the probe signal from system equipment of 
the communication system; and 
adjusting the characteristic of the probe signal 
based on the received information. 

10. The method of claim 9 where receiving information 
comprises: 

receiving a message containing protocol infor- 
mation; and 

retrieving information about the characteristic 
of the probe signal from the received message. 

11. The method of claim 10 where the communication 
system is a CDMA system that complies with the 
IS-95 standard and the received message is an 
Access Parameter message. 

12. The method of claim 10 where the communication 
system is a CDMA system that complies with the 
IS-95 standard and the received message is a short 
message. 

13. The method of claim 10 where the communication 
system is a CDMA system that complies with the 
IS-95 standard and the retrieved information is a 
local mean of RSSI at the system equipment. 

14. The method of claim 9 where adjusting the probe 
signal further comprises transmitting the probe sig- 
nal 



5. The method of claim 4 where the information is to 50 
be used to adjust a characteristic of the probe sig- 
nal. 

6. The method of claim 4 where broadcasting informa- 
tion comprises: 55 

measuring RSSI of system equipment; 
calculating a local mean of the RSSI; and 



15. The method of claim 14 where transmitting the 
probe signal further comprises: 

waiting for an ACK message from the system 
equipment for a system defined amount of 
time; 

adjusting the probe signal based on the latest 
received information. 
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16. The method of claim 9 where the information repre- 
sent adjustments to be made to the probe signal's 
power. 

1 7. The method of claim 9 where the information repre- 5 
sent adjustments to be made to the probe signal's 
phase. 

18. The method of claim 9 where the information repre- 
sent adjustments to be made to the probe signal's 10 
frequency content. 
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